ABSTRACT. The mammalian epidermal permeability barrier is provided by highly hydrophobic lipids forming multiple membrane bilayers within the extracellular domains of the outer, cornified cell layers. To characterize the critical events associated with barrier maturation, we correlated the emergence of a competent barrier to transepidermal water loss with development of the lamellar body secretory system, the organization of stratum corneum membrane bilayers, and the lipid composition of these membranes in the perinatal rat. The primary function of mammalian epidermis during terrestrial life is the generation and maintenance of a competent bamer
ABSTRACT. The mammalian epidermal permeability barrier is provided by highly hydrophobic lipids forming multiple membrane bilayers within the extracellular domains of the outer, cornified cell layers. To characterize the critical events associated with barrier maturation, we correlated the emergence of a competent barrier to transepidermal water loss with development of the lamellar body secretory system, the organization of stratum corneum membrane bilayers, and the lipid composition of these membranes in the perinatal rat. Whereas pups of 19 The primary function of mammalian epidermis during terrestrial life is the generation and maintenance of a competent bamer to TEWL. Although the term human neonate is born with a competent barrier (1-3), preterm infants (<33 wk EGA) have an impaired bamer to both water loss and the percutaneous absorption of water-soluble compounds; the extent of bamer dysfunction is proportional to the degree of prematurity (3) (4) (5) (6) (7) (8) . TEWL accounts for 75% of the insensible water loss in the preterm infant and may lead to dehydration and thermoinstability (9-1 5) . Despite its clinical importance, there has been relatively little research into the physiologic, structural, or chemical basis for bamer immaturity. Evans and Rutter (16) have noted that a well-formed stratum corneum is found in infants only after 34 wk EGA, a finding that correlates with a competent bamer after this time.
It is widely recognized that in mammalian epidermis the permeability bamer resides within the stratum corneum. Moreover, it is not the keratins or other structural proteins that fill and surround the cornified cells that constitute the barrier. Instead, the bamer resides in the stratum corneum's complement of highly hydrophobic lipids, arranged in the form of multiple membrane bilayers between the cornified cells (reviewed in Ref. 17) . Ultrastructurally, these intercellular bilayers exhibit a characteristic pattern of repeating electron-lucent (hydrophobic) and electron-dense (hydrophilic) lamellae (18) (19) (20) , which has been termed the basic lamellar bilayer unit (20) .
These membrane bilayers derive from a secretory organelle, the epidermal lamellar body (2 1). Lamellar bodies are enriched in phospholipids, free sterols, glucosylceramides, and a selected complement of hydrolytic enzymes, including lipases, glycosidases, and proteases (22) (23) (24) (25) . Upon secretion of lamellar body contents at the stratum granulosum/stratum corneum interface, these enzymes apparently convert the polar lipids and glycosphingolipids to neutral lipids and ceramides. In mature mammalian skin, lipids compose 5-10% of stratum corneum weight and are composed predominantly of free sterols, FFA, and ceramides (26-3 1). The ceramides contain a high proportion of saturated, very long chain fatty acids (28, (30) (31) (32) (33) (34) (35) (36) (37) , which presumably contribute to the hydrophobic properties of stratum corneum membranes. One class of ceramides unique to epidermis, the so-called acylceramides, has been particularly implicated in bamer function (37) ; this species contains linoleic acid (C18:2) esterified to the w-terminus of a very long chain (C30-C34), nacyl a-hydroxy fatty acid.
Despite the known importance of stratum corneum lipids for barrier function, little information exists about the lipid content and bilayer organization in relation to maturation of the permeability barrier in man or other mammals. In view of the difficulty in obtaining human material, these studies were undertaken to determine if the perinatal rat could provide a suitable model system to study the ontogenesis of the permeability bamer. In the studies reported here, we delineate the time course for the establishment of a competent bamer to water loss in rats between 19 and 22 d EGA and correlate these data with the content and structural organization of lipids in the stratum corneum.
MATERIALS AND METHODS
Materials. Timed-pregnant primiparous Sprague-Dawley rats (6-10 wk old) were purchased from Simonsen Laboratories (Gilroy, CA) and were fed Purina Laboratory Chow 500 1 (Ralston-Purina Co., St. Louis, MO) and water a d libitum. The plug date was taken as d 0, and spontaneous delivery occurred at d 22 (n = 7). Ruthenium tetroxide and nile red were obtained from Polysciences, Inc. (Warrington, PA). OCT compound for embedding was obtained from Miles Scientific (Naperville, IL). EDTA and bovine pancreatic trypsin were purchased from Sigma Chemical Co. (St. Louis, MO). Authentic lipid standards were purchased from Sigma Chemical Co., and Avant was purchased from Polar Lipids, Inc. (Pelham, AL). High-performance silica gel TLC plates were purchased from Merck (Darmstadt, Germany).
Transepidermal water loss. Premature rat pups were obtained by cesarean section using isofluorane or halothane anesthesia at 18, 19, 20, 21 , and 22 (term) d EGA. Neonates were patted dry immediately after delivery and floated with their placental connections intact on a raft in a 36°C water bath. TEWL was measured from the interscapular dorsal region using a 0.5-cm2 probe of a Meeco electrolytic moisture analyzer (Warrington, PA (38, 39) . All TEWL measurements were obtained within 1 h of delivery. Data were expressed as mg H20/cm2/h as described (40) and expressed as mean + SD.
Stratum corneum isolation and lipid extraction. After measurement of TEWL, the umbilical cord was ligated and the pups were weighed. Pups were then killed by cervical dislocation, and skin between the midaxillary lines, posterior neck, and rump was excised. An intact sheet of epidermis was obtained by floating whole skin, dermis side down, in 20 mM EDTA in Dulbecco's PBS in a 37°C water bath for 40 min. The surface area of the epidermal sheet was determined by tracing its perimeter onto a transparent Petri dish and transfemng that image to Whatman filter paper. Tracings were cut out and weighed, and the area of the original epidermal sheet was calculated by reference to a standard curve of filter paper weight versus area. To isolate the stratum corneum, the epidermal sheet was floated basal side down in Hanks' balanced salt solution supplemented with 0.1 % trypsin and 50 mM sodium phosphate (pH 7.4) overnight at 4°C. Detached cells were then imgated away; paraffin-embedded sections of isolated sheets demonstrated only cornified cells. Lipids were then extracted from the stratum corneum sheets (4 l), dried under nitrogen, and redissolved in chloroform, and an aliquot was weighed on a Cahn 21 electrobalance (Cahn Instruments, Inc., Cemtos, CA).
TLC. Stratum corneum lipids from two fetal rats of each gestational group were fractionated and quantitated by highperformance TLC followed by chamng and scanning densitometry, using a modification of the method described by Ponec et al. (42) . Lipid (4 to 20 pg) was solubilized in chloroform and applied in 5-mm lanes using a CAMAG Linomat IV autospotter (CAMAG Scientific, Inc., Wrightsville Beach, NC) onto 10 cm x 20 cm TLC plates. Five lanes of authentic standards in quantities between 0.2 and 1.0 pg were applied at either end of the plate to establish standard curves. Plates were developed at 4°C using a CAMAG horizontal developing system. Neutral lipids were developed to 40 mm, 60 mm, and 80 mm in petroleum ether:diethylether:acetic acid (80:20: l vol/vol/vol) (Fig. l) . The fraction that migrates just below cholesterol is provisionally assigned to 7-dehydrocholesterol ( Fig. 1, asterisk) , based upon comigration with authentic standard (data not shown) and the previous identification of this sterol in rat skin (43, 44 vertically dipped for 15 s into a charring solution composed of 1.5% hydrated copper sulphate, 5% glacial acetic acid, 1% concentrated sulfuric acid, 1 % ortho-phosphoric acid (wt/vol). Plates were dried then transferred to a mechanical convection oven (Proset 11; Blue M, Blue Island, IL) and charred at 180°C for 15 min. Cooled plates were scanned using a recording photo-densitometer equipped for automatic peak integration (CAMAG TLC Scanner 11). Lipids were quantitated in reference to commercially obtained authentic standards. Ceramide fractions were quantitated in reference to the closest migrating ceramide standard. Because of a solvent contaminant that comigrates with FFA ( Fig.  I) , the density of this contaminant in a blank central lane was subtracted from the density of the fatty acid region in standards and samples. Data are expressed as the change in the mean pg lipid/cm2 stratum corneum 5 SEM between 19 d versus older fetal material.
Light and electron microscopy. Skin was obtained for light microscopy within 15 min of delivery, embedded in OCT compound, and stored at -70°C. Samples were sectioned to 4-6 pm using a Tissue-Tek (Miles Scientific) RII cryostat, nile red (100 pg/mL, 75% glycerol) was applied (45) , and sections were examined with a Nikon Microphot-FX microscope (Nikon Inc., Garden City, NY) equipped with epifluorescence (excitation of 470-490 nm, emission 520 nm).
Skin was obtained for electron microscopy within 4 min of delivery and was minced and fixed in 2% glutaraldehyde, 2% paraformaldehyde with 0.06% CaC12 in 0.1 M sodium cacodylate buffer (pH 7.3) for 1 h at room temperature and overnight at 4°C. Samples were then washed in 0.1 M sodium cacodylate buffer and 5% sucrose for 24 h at 4°C and postfixed in either 0.2% ruthenium tetroxide or 2% reduced osmium tetroxide (20) . Tissue samples were dehydrated in a graded ethanol series and subsequently embedded in an epon-epoxy mixture (46) . Thick (0.5 Fm) sections on glass slides were stained with toluidine blue. Thin sections were double-stained with lead citrate and uranyl acetate (osmium tetroxide-fixed specimens) or with lead citrate alone (ruthenium tetroxide-fixed samples). Thin sections were examined in a Zeiss 10A electron microscope operating at 60 kV.
Statistical analysis. For statistical purposes, data from animals of different gestational ages were compared using the t test. RESULTS TE WL. To examine the time course of bamer development, TEWL was measured in rat pups delivered at 18, 19, 20, 2 1, and 22 d EGA (Fig. 3) . TEWL was also measured on pups spontaneously delivered at 22 d EGA, as well as 1 d after birth. No measurable barrier was evident in pups of either 18 or 19 d EGA (n = 41), i.e. all displayed TEWL measurements surpassing the maximal detectable rates (>lo mg/cm2/h). Pups of 20 d EGA showed varying degrees of barrier function; whereas some pups exhibited no measurable barrier function (four of 52), others exhibited a highly competent barrier, i.e. TEWL as low as 0.125 mg/cm2/h (range shown in exhibited barrier function comparable to that of adult rodent skin (38) (39) (40) . Thus, the establishment of an epidermal bamer to water loss occurs during late gestation of the fetal rat. Indeed, events occurring during the 20th d of gestation initiate a partially effective bamer, with further increments in barrier competence elaborated during subsequent gestation and postgestational development.
Light microscopy. To assess the morphologic changes that accompany the development of a competent permeability barrier, resin-embedded sections of fetal rat skin stained with toluidine blue were examined (Fig. 4A-C) . Epidermis from 19-d EGA pups, who displayed no measurable barrier, exhibited a prominent, darkly staining peridermal layer (Fig. 4A, open arrow) . Although the outermost one or two epidermal layers appeared to be anucleate (solid arrow), a well-defined stratum corneum was not seen. The epidermis of 20 d EGA pups (the time during which barrier competence is first established) was thicker, and keratohyalin granules (solid arrow) were prominent within the upper nucleated cell layers (Fig. 4B) . Moreover, a well-delineated stratum corneum was evident, with remnants of the periderm still present (Fig. 4B) . In term pups (22 d EGA), further increments in epidermal and stratum corneum thickness were evident (Fig. 4C) . These results show that the development of barrier competence after 20 d EGA correlated with increasing epidermal and stratum corneum thickness.
Histochemistry. To ascertain the pattern of distribution of polar versus nonpolar lipids in the epidermis, frozen sections of skin stained with the lipid probe nile red were examined by fluorescence microscopy (Fig. 5A-D) . This probe changes its staining properties relative to the polarity of the lipid environment, i.e. it fluoresces yellow-gold when nonpolar lipids are present and red or red-orange in the presence of lipids less polar than ceramides (45) . In adult rodent epidermis, changes in the histochemistry with nile red correlate well with variations in lipid composition among epidermal strata (47) . Like adult rodent skin, the nucleated layers of epidermis from term rat pups (22 d EGA) showed red, fluorescent staining in a cytosolic pattern, (Fig. 5A) . As noted above, a well-defined stratum corneum is whereas the outermost nucleated layers and the stratum corneum not present at this age, nor did we observe a membrane pattern fluoresced yellow-gold in a membrane-staining pattern (Fig. 5D) . of fluorescence in the outermost cell layers with nile red ( (Fig. 5B and c) . Moreover, in those pups of 20 d EGA, in whom a more competent barrier was present, we observed more intense staining of stratum corneum intercellular domains than in those pups with poorer barrier function (e.g. Fig. 5 , panel B versus C, TEWL 3.6 versus 1.0 mg/cm2/h, respectively). These studies illustrate that the emergence of a competent barrier in the perinatal rat correlates with establishment of a nonpolar lipid-staining pattern in the membrane domains of the stratum corneum.
Electron microscopy. To examine the ultrastructure of the perinatal rat epidermis, postfixations with both osmium tetroxide and ruthenium tetroxide were used (Figs. 6-8) . Whereas the former permits assessment of routine ultrastructural features, including lamellar bodies, ruthenium tetroxide reveals the organization of stratum corneum intercellular membrane bilayers (1 8-20) . In mature stratum corneum, intercellular lamellae are organized as unit structures consisting of alternating electronlucent and electron-dense lamellae (e.g. Fig. 8 , upper inset): a single continuous electron-lucent lamella lies external to the cornified cell envelope; between these electron-lucent lamellae lie repeating units formed by pairs of continuous electron-lucent lamellae flanked on either side by interrupted electron-lucent lamellae. One to three such repeating units normally may be found (1 8-20) .
Despite the absence of a well-defined stratum corneum on light microscopy of 19 d EGA pups (see above), approximately two cell layers, exhibiting the incomplete cornification of transitional cells, were evident below the periderm on electron microscopy (Fig. 6 ). Although lamellar bodies were numerous within the mid and outer nucleated epidermal cell layers of 19-d EGA pups (Fig. 6, inset) , we noted considerable heterogeneity in their architecture; some appeared to be empty (i.e. lacked internal lamellations), whereas others exhibited a mature internal membrane pattern (Fig. 6, inset) . Moreover, although abundant lamellar material was present in the intercellular domains of the outermost epidermal cell layers (Fig. 6, double arro~vs) , it formed an irregular pattern of foreshortened lamellae, resembling the pattern of newly secreted lamellar body membrane structures, a pattern that in mature rodent epidermis is confined to the junction of the stratum corneum and stratum granulosum (Fig.  8, lower left inset; 20) . The characteristic elongated, lamellar basic unit structures of mature stratum corneum were not found in pups of this age.
By 20 d EGA, four to five cornified cell layers were evident (Fig. 7) . The innermost cornified layers showed secreted lamellar body-derived membrane structures (Fig. 7, upper left inset) , whereas the outer layers displayed foci that appeared devoid of intercellular lamellar material (Fig. 7, center) . Other areas exhibited the basic lamellar bilayer unit structures described above for mature skin (Fig. 7, upper right inset; compare Fig. 8, upper right inset). In pups of this age, lamellar bodies continued to show heterogeneity, i.e. some were devoid of internal contents, whereas others were well formed (Fig. 7, center) . In contrast, by 21 d EGA (Fig. 7, bottom panel) or term (22 d EGA) (Fig. 8) intercellular spaces of the stratum corneum were completely filled with basic bilayer unit structures. Similarly, nearly all epidermal lamellar bodies at term exhibited well-formed internal membrane ultrastructure (Fig. 8, lower right inset) .
Thus, the emergence of a competent barrier is correlated ultrastructurally with the formation of the mature-appearing internal membrane contents within epidermal lamellar bodies and, further, with the organization of secreted lamellar body contents into lamellar bilayer unit structures. As barrier function improved between 20 and 22 d EGA, the extent to which stratum corneum intercellular domains were completely filled with these unit structures also increased.
Lipid content and composition. To determine whether the emergence of a competent banier correlates with changes in the quantity and/or composition of stratum corneum lipids, the stratum corneum lipids of fetal rats of various EGA were extracted, weighed, and fractionated. The quantities of extractable lipid increased dramatically in late gestation (Fig. 9 ). Between 19 (n = 7) and 20 (n = 9) d EGA, there was an increase from 34.08 k 4.64 to 50.08 k 3.85 pg lipid/cm2, respectively (mean f SEM) (p < 0.02). There was a further increase in lipid content between 20 and 21 (n = 7) d EGA (74.49 k 3.39 pg lipid/cm2) ( p < 0.001), but not between 21 and 22 (n = 7) d EGA, and a further increase in term pups after 1 postnatal d (n = 6) (97.72 k 7.36 pg lipid/cm2) (p < 0.05). Figure 10 illustrates the inverse relationship between lipid content and TEWL. Pups with a stratum corneum lipid content in excess of -55 pg lipid/cm2 uniformly exhibited a tight bamer to water loss (TEWL < 0.75 mg/cm2/ h), whereas those with a stratum corneum lipid content of <35 pg lipid/cm2 exhibited no measurable bamer function. These results demonstrate that development of a competent banier correlates with increasing lipid content of the stratum corneum.
To determine whether changes in distribution of specific lipid fractions also occur during late gestation, sphingolipid, neutral lipids, and polar lipids of stratum corneum lipid extracts were fractionated by high-performance TLC scanning densitometry (Figs. 1, 2, 1 1, and 12) . Five fractions were observed within the ceramide region and designated in order of increasing polarity (Fig. 2) . The quantity of the two least-polar ceramide fractions (ceramides 1 and 2) increased 6-to 7-fold between 19 d EGA and term (Fig. 11) . These two species were also quantitatively the predominant ceramide fractions (data not shown). The most nonpolar ceramide of mammalian stratum corneum has been identified in other TLC systems as the acylceramide (32) (33) (34) (35) (36) (37) 42) . In contrast, the more polar ceramide fractions (ceramides 4 and 5 ) remained relatively constant (Fig. 11) . None of the fetal stratum corneum samples contained quantifiable amounts of glycosphingolipids (Fig. 2) . This finding is similar to mature stratum corneum in which lamellar body-derived glycosphingolipids are presumed to be processed to ceramides upon secretion and glycosphingolipids are encountered only in trace quantities (27, 29, 30) .
Among the neutral lipids, the most striking change was a 4-fold increase in the cholesteroI content of stratum corneum between 19 and 21 d EGA (Fig. 12) . Moreover, 7-dehydrocholesterol content also increased -3-fold over this time period (data not shown). No change in stratum corneum fatty acid content during fetal development was noted, whereas triacylglycerols increased -2-fold, and sterol esters, lipids predominantly of sebaceous gland derivation (47) , also increased nearly 3-fold between 19 and 2 1 d EGA and increased a further 2-fold between 21 and 22 d EGA. The latter increase in sterol ester content may presage the eruption of the pelage, which takes place within a few days after birth. An unidentified nonpolar lipid fraction migrating just in front of the triglyceride standard (triolein) (Fig.  1, solid arrow) also appears to increase just before term (Fig. 1,  lanes 1 and 2 = 2 1 d; lanes 3 and 4 = d 22) .
Phospholipids were found to be a minor component of all perinatal rat stratum corneum lipid extracts (data not shown), a result that mirrors mature stratum corneum, in which phospholipids provide a minor contribution to stratum corneum lipids (26-3 1) . In fact, only sphingomyelin and phosphatidylethanolamine were identified in quantifiable amounts in our samples, with both of these species increasing between 19 and 2 1 d EGA (data not shown). These studies demonstrate that although over- all stratum corneum lipid content increases -2-fold between 19 and 2 1 d EGA as a competent barrier is established, the content of certain lipid fractions, particularly sterols and nonpolar ceramides, increases even more dramatically.
DISCUSSION
These studies demonstrate that the epidermal barrier to water loss in the rat is rapidly established during late gestation. Indeed, events occurring during the 20th d of gestation lead to establishment of the permeability barrier, because pups of 19 d or less EGA displayed no measurable bamer to water loss, whereas by 2 1 d the bamer was well established (Fig. 3) . A further modest increment in barrier competence was observed at term (22 d) and after the 1st postnatal day. Stratum corneum was present at 20 d in our study and others (48, 49) , but others report its presence by d 19 (50) or 21 (5 1). Some differences in interpretation may arise because of cornification of the periderm and the initial appearance of a transitional cell layer before establishment of a typical stratum corneum (52) . The cornified cells seen at 19 d in our study resembled transitional cells in their ultrastructure.
Stern et al. (48) noted that lamellar bodies appear on d 18 in the fetal rat. Day-19 skin was the earliest fetal skin that we examined ultrastructurally. At this time, lamellar bodies were abundant but often appeared to be "empty," i.e. they lacked the typical lamellar substructure. Empty lamellar bodies were not common after 20 d EGA in our study. It is of interest that similarly abnormal lamellar bodies are abundant in rodents deficient in essential fatty acids (53) . Wertz and Downing (54) have reported that the linoleic acid content of neonatal murine epidermal acylglucosylceramides is much lower than that in adult animals (13 versus 47%, respectively), and they have proposed that the linoleate-enriched acylglucosylceramide is responsible for the lamellar substructure of these organelles (37). Because we examined only stratum corneum lipids, which do not contain appreciable quantities of glycosphingolipids, our studies do not directly address this issue. However, we did observe lesser quantities of the most nonpolar ceramide (ceramide 1; Fig. 1 l) , which represents the deglycosylated metabolite of the acylglucosylceramide, at stages of development where lamellar body structure was frequently abnormal. Whether the alterations in lamellar body substructure in immature fetal rat epidermis can be attributed solely to deficient linoleic acid content of the acylglucosylceramide or whether more global differences in lamellar body lipid composition underlie these alterations requires further studv.
Integumentary lipids in most terrestrial species provide the permeability barrier to water loss (reviewed in 17, 55) . In the mammalian species that have been studied to date, remarkably similar patterns of lipid content and membrane organization have been observed in which neutral lipids (predominantly free sterols and FFA) and ceramides, containing very long chain hydrocarbon groups (C30-C34) and linoleic acid (C18:2), are arranged into multiple membrane bilayers within the intercellular domains of the stratum corneum. Visualization of crosssectional images of stratum corneum intercellular domains has only been possible since the introduction of ruthenium-tetroxide postfixation (18) (19) (20) . Therefore, previous ultrastructural studies of fetal skin using osmium postfixation would not provide detailed information regarding the structure of these membranes.
Gestational Age (days) In the present studies, a competent bamer to water loss in the fetal rat occurred coincident with the organization of stratum corneum lipids into basic lamellar bilayer structures (Figs. 7 and  8 ). Before onset of a functional bamer, abundant lamellar material was evident within the intracellular spaces of the outermost epidermal cell layers, but this material was arranged in arrays of short discs resembling newly secreted lamellar bodies (Fig. 6) rather than into broad continuous lamellar bilayer unit structures. However, a failure to process lamellar body contents after secretion is likely to be too simplistic an interpretation for these observations because stratum corneum of 19-d pups was not enriched in glycosphingolipids or phospholipids as one would predict for unprocessed lamellar body-derived lipids (23, 24) . Coincident with establishment of a functional bamer, the quantity of lipid per unit area of stratum corneum increased -2-fold (Fig. 9) , and, in particular, the quantity of free sterols (Fig. 12) and the most nonpolar ceramide species (Fig. 11) increased 4-and 6-to 7-fold, respectively. Stratum corneum lipids also provide the bamer to absorption of epicutaneously applied compounds, and the mature barrier is particularly impermeable to water-soluble compounds. In preterm infants, both TEWL and percutaneous absorption of xenobiotics are increased (3) (4) (5) (6) (7) (8) . Although we found no bamer to TEWL until late gestation (20 d) in the fetal rat, it is possible that other measures of permeability bamer function, such as percutaneous absorption of water-soluble materials, may demonstrate some bamer function at earlier stages in development (56, 57) . Indeed, our ultrastructural studies, which show abundant intercellular lamellar materials within stratum corneum of 19-d pups, would predict some bamer capacity. In many ways, the developing fetal rat bamer is analogous to the dynamic sequence that follows acute, solvent-induced disruption of the bamer in mature rodents (reviewed in 17, 58) . The degree of barrier dysfunction is correlated with the quantity of stratum corneum lipid removed (47) . Recovery occurs quickly (39) , over a time frame comparable to the development of barrier competence in the fetal rat. In the solvent-induced model, an initial secretion of lamellar body contents is followed by a burst in sterol, fatty acid, and sphingolipid synthesis (58) , which is followed by the appearance of nascent lamellar bodies and further secretion (17) . Lipids reaccumulate in stratum corneum extracellular domains with reappearance of basic lamellar unit structures. This entire process of barrier recovery requires 24-36 h, but is more than 50% complete by 6 h.
In summary, these studies demonstrate that in the rat, as in man (3) (4) (5) (6) (7) (8) and swine (56) , development of a competent epidermal bamer to water loss occurs late in gestation. Establishment of a competent bamer in the rat was correlated with 1 ) organization of stratum corneum lipids into basic lamellar unit structures; 2) increasing stratum corneum thickness; 3) increasing stratum corneum lipid content; and 4) enrichment of stratum corneum lipid with cholesterol and nonpolar ceramides. The close temporal correlation between establishment of a functional bamer and changes in the generation, organization, quantity, and distribution of stratum corneum lipids implies that the developmental regulation of these events will be a fruitful area for further study.
